Voting to determine one's leaders is among the most important decisions we make, yet little is known about the brain's role in how we come to these decisions. Behavioral studies have indicated that snap judgments of political candidates' faces can predict election outcomes but that the traits that lead to these judgments differ across cultures. Here we sought to investigate the neural basis for these judgments. American and Japanese natives performed simulated voting judgments of actual American and Japanese political candidates while neural activity was measured using functional magnetic resonance imaging (fMRI). Candidates for whom participants chose to vote elicited stronger responses in the bilateral amygdala than candidates for whom participants chose not to vote. This was true regardless of either the participant's culture or the target's culture, suggesting that these voting decisions provoked the same neural response cross-culturally. In addition, we observed a participant culture by target culture interaction in the bilateral amygdala. American and Japanese participants both showed a stronger response to cultural outgroup faces than they did to cultural ingroup faces, however this was unrelated to their voting decisions. These data provide insight to the mechanisms that underlie our snap judgments of others when making voting decisions and provide a neural correlate to cross-cultural consensus in social inferences.
INTRODUCTION
Voting is one of the most important decisions that individuals can make in a democratic society. Despite the weighty consequences that result from an electoral choice, research has shown that electoral outcomes can be predicted based on individuals' snap judgments of politicians' faces (Todorov et al., 2005; Chiao et al., 2008a) . One study found that judgments of competence based on seeing American political candidates' faces for only 100 milliseconds accurately predicted 59.6% of the actual electoral outcomes (Ballew & Todorov, 2007) .
Culture may play an important role in determining for whom individuals choose to vote. Although much previous work has shown evidence for cultural universality in the perceptions of individuals for some personality and physiognomic traits (Zebrowitz et al., 1993; Albright et al., 1997) , there is also research showing that culture has a substantial impact on the traits that people value in their leaders (Misumi & Peterson, 1985) . For instance, leaders in Japan versus the USA are believed to vary markedly in character (e.g., Ayman, 1993; S. N. Kaplan, 1994; Yamagishi et al., 1998 ). Yet the majority of studies examining the relationship between trait inferences and electoral outcomes have examined Western cultures. Todorov and colleagues (Todorov et al., 2005; Ballew & Todorov, 2007) investigated Americans' judgments of American candidates, Martin (1978) examined Australians' judgments of Australian candidates, Poutvaara et al. (2009) conducted an online survey of mostly Western respondents' judgments of Finnish candidates, and Antonakis and Dalgas (2009) studied Swiss children's and adults' judgments of French candidates. One recent study (Rule et al., in press ), however, examined American and Japanese participants' judgments of American and Japanese political candidates. This study showed that although both American and Japanese perceivers agreed across cultures in their judgments of individual candidates' faces, they chose to elect different candidates. Specifically, traits related to power (dominance and facial maturity) were related to American participants' electoral choices whereas traits related to warmth (likeability and trustworthiness) were related to Japanese participants' electoral choices. The current study was therefore interested in exploring the basis for this cross-cultural convergence in perception but divergence in electoral choice. To do so, we measured American and Japanese perceivers' brain activity while making electoral choices using fMRI. One brain area believed to be critically involved in the processing of social information about others is the amygdala. Lesion studies have shown that patients with amygdala damage are severely impaired in their ability to evaluate others. For instance, individuals with bilateral amygdala damage are significantly more likely to perceive untrustworthy faces as trustworthy and to believe that these individuals are approachable. Additionally, patients with amygdala damage are impaired in reading others' emotions and inferring their thoughts from nonverbal cues (Adolphs et al., 2002) . Functional magnetic resonance imaging (fMRI) studies of healthy participants have shown that the amygdala is involved not only in evaluations of trustworthiness from faces (Winston et al., 2002) but also in the evaluation of facial attractiveness (Winston et al., 2007) and a host of other social traits (e.g. responsibility, intelligence, and competence, among others; Todorov & Engell, 2008) . In addition, the amygdala has been implicated in the evaluative processing of social information (see Adolphs, 2003; Phelps, 2006; Schiller et al., 2009) and is sensitive to a stimulus's motivational importance (Phelps & LeDoux, 2005; Cunnigham et al., 2008) or the degree to which it is arousing (Anderson et al., 2003; Sander et al., 2003) . The amygdala therefore seemed like a probable structure to be involved in voting judgments and was the focus of the current investigation.
Moreover, previous work in cultural neuroscience has implicated the amygdala in social judgments from faces. Chiao et al. (2008b) found that American and Japanese perceivers showed significant amygdala responses compared to baseline when evaluating emotional fear faces from both cultures. Critically, however, the participants showed greater amygdala responses to same-culture versus other-culture faces that were expressing fear but statistically equivalent responses to both same-culture and other-culture faces that were angry, happy, or neutral. These data show evidence of cultural tuning, whereby the evolutionary importance of accurately detecting fear leads to a greater response to these expressions among similar versus dissimilar others, perhaps because threats to the ingroup may be more relevant to threats to the self than to the outgroup.
These findings differ slightly, however, from previous intergroup work which has reported that the amygdala often responds more strongly to outgroup versus ingroup members. One early study showed that both Black and White Americans exhibited a greater bilateral amygdala response to faces of the other race than to faces of their own race (Hart et al., 2000) . A more recent study extended this work by showing that the faces of learned outgroup members elicited a stronger amygdala response regardless of the targets' races . Interestingly, Chiao et al. (2008b) did not observe an overall outgroup effect for culture but showed an opposite ingroup effect (though only during perceptions of fear faces). Thus, rather than finding an increase in amygdala response, potentially because of a negative bias towards outgroup members (e.g. Phelps et al., 2001) , Chiao et al. (2008b) found an increase related to a positive bias that may have evolved to help ingroup members. Given that these studies differ not only in terms of the type of group studied but also in the nature of their tasks, we were curious to see whether we might also observe a group-based difference in amygdala response to the Japanese and American faces during voting judgments.
Several recent studies have examined neural responses to political stimuli, yet each has explored a different question and not all are relevant to the context of electoral choice (Mitchell et al., 2005; Westen et al., 2006; Kaplan et al., 2007; Amodio et al., 2008; Spezio et al., 2008) . In one very relevant study, however, Knutson et al. (2006) observed greater activation in the amygdala in response to the faces of politicians with whom the participants held congruent political beliefs (e.g. Democrats responding to Democrat politicians' faces) as opposed to those politicians for whom the participants' political beliefs were incongruent (e.g. Democrats responding to Republican politicians' faces). In essence, the amygdala responded more to the faces of individuals who the perceivers were likely to politically support versus those who they were likely to not support. Thus, we would expect to see a greater amygdala response to American participants' choice of winners (consistent with Knutson et al., 2006) . It is not clear whether the same pattern will hold for Japanese participants or for judgments of outgroup political candidates, however.
Thus, to examine both (i) the processes involved in choosing candidates and (ii) the role of culture in voting behavior, the current work investigated the neural substrates relating to American and Japanese individuals' electoral choices employing targets from both cultures. Participants from both cultures were shown a series of American and Japanese politicians' faces and asked to indicate whether they would vote for each person while being scanned with fMRI. The study therefore had a 2 (participant culture) Â 2 (target culture) Â 2 (voted for/not voted for) design. Given previous work that has implicated the amygdala in impressions of others' social traits from the face (e.g. Winston et al., 2002) and its role in processing faces of politicians (Knutson et al., 2006) , we selected the left and right amygdalae as a priori regions of interest (ROIs) in voting decisions.
METHODS Participants
Thirty-two American (n ¼ 16; eight females) and Japanese (n ¼ 16; nine females) university students provided informed consent in a manner approved by the Massachusetts Institute of Technology's Committee On the Use of Humans as Experimental Subjects and the Tufts University Institutional Review Board, and participated in exchange for monetary compensation. One American participant was removed from analysis because of excessive movement and three participants (two Japanese, one American) were removed because they identified one or more same-culture targets. The final sample therefore consisted of 28 participants, half of whom were Japanese.
All participants were screened for neurological history, MRI compatibility, handedness, and use of psychoactive medications. Participants were recruited via online message-board postings or paper advertisements. All of the Japanese participants were students at a Japanese university who were in the USA participating in a language studyabroad program at Tufts University. These participants were screened for their exposure to US culture, including any previous time spent visiting the USA. None had spent more than a month in the USA, including the time between their arrival for the foreign study program and the date of scanning. Procedure Participants were instructed in their native language. Native Japanese research assistants translated and back-translated the instructions and other materials for the experiment. Participants were instructed that they would be seeing a series of faces for 2 s and that they should indicate via button-press whether they would or would not vote for each person (participants' average number of vote decisions ¼ 50.1%, SD ¼ 17.6%; Cronbach's ¼ 0.79). Participants were informed that the face would remain on the screen for the entire 2 s regardless of when they made their response (thereby controlling for stimulus duration and looking time) but that they must make their judgment while each face was present, as responses made after the 2 s presentation had elapsed would not be recorded (2% of all trials). Participants were given several practice trials to ensure that they understood the task and to acquaint them with the timing of the stimulus presentation before the scan began. Response times occurred on an average of 1,076 (SD ¼ 267) milliseconds after stimulus onset and did not differ by participant culture, target culture, electoral success, or participant response: F 's < 1.79, p's > 0.19.
The faces were presented in random order and the order of targets versus null trials of fixation (i.e. the presentation of a fixation cross) was pseudo-randomized into 3 orders using the Counter script designed for Matlab, which spaces each condition's trials so as to optimize the efficiency of blood-oxygenation-level-dependent (BOLD) signal estimation (Dale and Buckner, 1997) . Participants were presented with equal numbers of American faces, Japanese faces, and fixation trials. Null (fixation) trials were not modeled so as to serve as a baseline. ). Single-shot gradient echo EPI imaging was used with a TR of 2 seconds, TE of 30 ms, and flip angle of 908. Data were collected in a single run consisting of 174 volumes (58 American faces, 58 Japanese faces, and 58 null fixation trials).
Functional data were analyzed in an event-related design using BrainVoyagerQX. Preprocessing of the data consisted of 3D motion correction, slice scan time correction (sinc interpolation), spatial smoothing using a 3D Gaussian filter (7-mm FWHM), and voxelwise linear detrending and high-pass filtering of frequencies (above three cycles per time course). Structural and functional data for each participant were transformed to standard Talairach stereotaxic space (Talairach and Tournoux, 1988) and coregistered both mathematically and manually to assure precise matching between the functional and structural images. fMRI analysis Each participant's BOLD signals were modeled in an event-related design using two separate design matrices, where individual predictors were modeled as boxcar functions convolved with a two-gamma hemodynamic response function. First-level general linear model (GLM) analyses conducted on individual participants' fMRI signal were submitted to a second-level random effects analysis, treating participants as a random factor.
The first design matrix contained the predictors based on participants' actual subjective voting behavior: Japanesevoted, Japanese-not voted, American-voted and Americannot voted. The second design matrix contained predictors based on objective election outcomes of target faces: Japanese winner, Japanese loser, American winner, and American loser.
Given our a priori hypothesis of amygdala involvement, we extracted parameter estimates (beta values) of BOLD signal from anatomical ROIs of the left and right amygdalae, based on a hypothesis-blind research assistant's drawings of each participant's individual anatomy; tracing criteria were based on standard neuroanatomical definitions of the amygdala's boundaries. Once extracted, these mean signal values were subjected to statistical analysis using SPSS.
RESULTS
A 2 (participant culture: American, Japanese) Â 2 (target culture: American, Japanese) Â 2 (outcome: voted, not voted) Â 2 (amygdala: left, right) ANOVA (repeated measures on all but the first factor) was conducted on the beta values extracted from each participant's anatomically defined bilateral amygdalae. This analysis showed a main effect of outcome and the direction of the means showed significantly more amygdala response for the targets for whom participants voted as compared to the targets for whom the participants did not vote: F(1, 26) ¼ 4.81, p ¼ 0.037, r ¼ 0.40; see Figure 1 . In addition, the analysis showed a significant participant culture Â target culture interaction: F(1, 26) ¼ 5.86, p ¼ 0.025, r ¼ 0.43; see Figure 2 . Examination of the means indicated that individuals showed greater bilateral amygdala response to cultural outgroup faces than they did to cultural ingroup faces. No other effects were significant, all F's < 1.63, all p's > 0.21.
We conducted a second ANOVA to compare targets' actual electoral success, as opposed to participants' choices about for whom to vote. The results of this 2 (participant culture: American, Japanese) Â 2 (target culture: American, Japanese) Â 2 (outcome: elected, not elected) Â 2 (amygdala: left, right) ANOVA with repeated measures on all but the first factor showed no effects for outcome but repeated the participant culture Â target culture interaction
No other effects were significant, all F 's < 2.74, all p's > 0.11. Participants' voting choices were uncorrelated with the outcomes of the actual elections, regardless of participant or target culture: all r's < |0.24|, all p's > 0.07. However, there was high crosscultural agreement between American and Japanese participants' average voting decisions (r ¼ 0.58, p < 0.001) for both American (r ¼ 0.40, p < 0.001) and Japanese (r ¼ 0.79, p < 0.001) targets.
We also examined these effects at the whole-brain level (voxelwise p < 0.001; minimum cluster size > five functional voxels) for all of the 2 (participant culture: American, Japanese) Â 2 (target culture: American, Japanese) Â 2 (outcome: voted, not voted; or outcome: elected, not elected) main effects and interactions. Only two contrasts revealed significant clusters of activation at this threshold. Comparisons of election winners and election losers showed clusters of significantly greater activation to losers over winners in the right (Talairach coordinates: 17 ). However, it should be acknowledged that signal loss due to imaging artifacts might have prevented the observation of additional effects, particularly in areas such as the orbitofrontal cortex.
We also conducted an exploratory whole-brain analysis of our primary contrasts of interest (voted versus not-voted targets and the target Â participant interaction) at a more liberal threshold: voxelwise p < 0.005, minimum cluster size > five functional voxels. These contrasts showed ). Mean extracted beta values from these clusters showed an outgroup effect, similar to what we observed in the amygdala ROI analyses above. Specifically, Japanese participants showed a greater response to outgroup, American targets and American participants showed a greater response to outgroup, Japanese targets in both the cerebellar culmen and the superior frontal gyrus.
DISCUSSION
The bilateral amygdala was significantly more responsive to the faces of politicians for whom participants chose to vote versus those for whom they chose not to vote. Importantly, this effect occurred independent of both the participants' and the targets' cultural group membership, showing evidence of cross-cultural universality. Yet we also found evidence for cultural specificity that was unrelated to voting choice in the form of a target culture by participant culture interaction in which participants showed a greater response to other-culture targets than they did to sameculture targets.
Previous work has shown that individuals agree in their perceptions of traits from faces across cultures (Zebrowitz et al., 1993; Albright et al., 1997) . The current data parallel those findings. American and Japanese participants' behavioral responses showed significant cross-cultural agreement. Moreover, no main effect was observed between American and Japanese participants' neural responses, neither in the amygdala ROI nor in the whole-brain analysis. Thus, participants from both cultures showed high agreement in their voting judgments and in their neural responses to the candidates from both cultures.
Importantly, this does not mean that perceivers from both cultures were considering the same traits when making their judgments. Previous work has observed that American and Japanese voters value different traits in their leaders (e.g. Misumi and Peterson, 1985) , the former favoring traits related to power and the latter favoring traits related to warmth (Rule et al., in press) . One goal of the current study was to seek evidence for this dissociation. For instance, previous work has suggested that the amygdala may not encode specific social traits from faces but, instead, may be evaluating the overall valence of the face, with lower valence faces being associated with a greater amygdala response (Todorov and Engell, 2008) . In such a case, we might have expected that Japanese perceivers would show a lower amygdala response for the candidates for whom they chose to vote and that American perceivers would show a greater amygdala response for the candidates for whom they chose to vote. Rather, we observed that both groups of perceivers showed the latter effect. This could be because the amygdala simply serves as the perceptual or evaluative tool by which the perceivers form their impressions, not a reflection of the outcome of their electoral decision. Thus, although the perceivers might have been valuing different traits, this evaluation may be reflected in the amygdala response, rather than its outcome.
Given that the amygdala is important for social evaluation (e.g. Winston et al., 2002; Schiller et al., 2009) , it is not surprising that it was found to be involved in participants' voting choices. Other studies have suggested that the amygdala is involved in processing the relevance of stimuli (see Sander et al., 2003 for a review) . Similarly, the amygdala is known to respond more to stimuli that are more arousing (Anderson et al., 2003) and to social information that is subjectively valued (Schiller et al., 2009) . Thus, the amygdala response observed in the current work might well reflect participants' inclination to vote for candidates whom they found to be more salient or arousing. Indeed, related work examining amygdala response to politicians found that participants expressed a greater amygdala response to the faces of candidates who agreed with their political ideology over the faces of candidates who did not agree with their political ideology (Knutson et al., 2006) . Those authors interpreted their effects as possibly reflecting a relevancebased response whereby salient stimuli provoked a greater response in the amygdala. Indeed, this may serve to explain the basis for individuals' preferences for candidates based on perceptions of their faces in the current study, as well.
Although participants from both cultures showed a similar amygdala response to the candidates for whom they chose to vote versus those for whom they chose not to vote, they showed a different overall response according to the target's culture, independent of their electoral choice. The results of the participant culture by target culture interaction presented evidence for an outgroup effect such that participants had a stronger amygdala response to oppositeculture faces than they did to same-culture faces. This effect is consistent with a host of previous studies that have found increased amygdala activation to the faces of outgroup versus ingroup members. Hart et al. (2000) , for example, found that Black and White individuals showed a stronger bilateral amygdala response to racial outgroup (White and Black, respectively) faces (see also Cunningham et al., 2004; Richeson et al., 2008) . Similarly, Fischer et al. (2004) found that the left amygdala responded more when men viewed outgroup (female) faces than ingroup (male) faces. One explanation offered for these outgroup effects is that the amygdala is highly responsive to novel stimuli, such as the faces of outgroup members (Dubois et al., 1999; Phelps et al., 2001; Van Bavel et al., 2008) . This may be particularly applicable to the current study, in which the outgroup faces differed not only in race but also in nationality and culture (Chiao and Ambady, 2007) .
The current findings may therefore contribute towards reconciling the previously observed difference between the intergroup amygdala differences found in some work and the intercultural amygdala differences reported by Chiao et al. (2008b) . Specifically, although Chiao et al. (2008b) observed a greater amygdala response to ingrounp faces, this was specific to the context of fearful emotional expressions. The authors interpreted this effect as an evolutionary adaptation whereby signals of threat elicit stronger responses from similar (ingroup) individuals than from dissimilar (outgroup) individuals. The outgroup effect observed here during a voting task, then, may reflect a more general intergroup response that was not captured in Chiao et al.'s (2008b) study, which showed no intercultural differences for neutral, angry, or happy faces. Methodological differences might also contribute to these differences, as Chiao et al.'s (2008b) participants were scanned at two different locations, at different times, and in different countries; whereas the participants in the intergroup (e.g. Van Bavel et al., 2008) , interracial (e.g. Hart et al., 2000) , and current studies employed participants at one scanning site, in one country, at the same time.
Thus, the current findings raise some new conceptual and methodological questions worth exploring with additional work. Another area worthy of future study is to examine or improve the ecological validity of the current voting task. In particular, in the present study (like many of the hypothetical voting studies conducted to date; e.g. Todorov et al., 2005) participants were unfamiliar with all of the targets and were therefore basing their impressions on appearances. This is typically not how voting decisions are believed to be made in actual elections and it is therefore uncertain how much these results may generalize to realworld voting behavior. Although it is nevertheless interesting that some of these judgments have been found to predict the actual outcomes of elections, future efforts may wish to extend this work using more realistic methodological contexts.
In sum, the current study presents two novel findings of interest to cultural neuroscience. First, participants' voting decisions about candidates from two different cultures were reflected in an amygdala response to preferred political candidates' faces. These findings suggest that the amygdala may be important in evaluating candidates for political office. Moreover, these effects were independent of either the perceiver's culture or the candidate's culture, suggesting that the neural basis for electoral decisions may extend across cultures. Second, participants showed a greater overall amygdala response to the faces of outgroup candidates than they did to the faces of ingroup candidates. This extends the work that has been previously done examining amygdala response across cultures and helps to reconcile what is known about the neural response to group members in intercultural contexts with what is known about the neural response to group members in intracultural contexts.
